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Lunotriquetral ligamentAbstract Objective: The aim of this study is to assess the diagnostic value of direct MR arthrog-
raphy compared to conventional MR imaging in the diagnosis of different pathologic entities affect-
ing the internal ligaments of the wrist mainly the scapholunate and lunotriquetral ligaments.
Subjects and methods: This study included 51 patients complaining of chronic wrist pain. Conven-
tional MRI and MR arthrography (MRA) were done in all cases.
Results: A comparison of the sensitivity of conventional MRI versus MRA was done by correlat-
ing the ﬁnal diagnosis of each modality with the results of arthroscopy. Regarding complete SLL
tears, MRI revealed a SEN, SPE and ACC of 61.54%, 96.77%, and 86.36%, while MRA showed
a SEN, SPE and ACC of 92.31%, 100%, and 97.73% respectively, partial SLL tears, un-enhanced
MRI revealed SEN, SPE and ACC of 10%, 94.12%, and 75%, while MRA showed 66.67%,
85.71%, and 81.82% respectively, complete LTL tears un-enhanced MRI revealed a SEN, SPE,
and ACC of 25%, 100%, and 79.5% respectively, while MRA showed 91.67%, 100%, and
97.73% respectively.
Conclusion: MR arthrography is a potent additional tool facilitating the diagnosis of different
pathologic entities affecting the major internal ligaments of the wrist joint and helps to reduce
arthroscopic interventions.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.DRUJ,
artilage.
oo.com
772 H.A. Kamal et al.1. Introduction
The ligaments of the wrist play a major role in guiding and
restraining motion of the carpal bones. Although some injuries
of the carpal ligaments may have little clinical importance,
many are associated with pain and instability and can beneﬁt
from surgical intervention (1–7).
Despite some controversies in the classiﬁcation of the wrist
ligaments, they can generally be divided into intrinsic and
extrinsic categories, as described by Taleisnik (7).
Intrinsic ligaments are entirely within the carpus (attaching
only to carpal bones) (7–10). The most important intrinsic car-
pal ligaments are the scapholunate (SL), and lunotriquetral
(LT) (1). Extrinsic ligaments connect the bones of the forearm
(i.e., radius, ulna) to the carpus.
The SL and LT ligaments are very important for maintain-
ing carpal stability, connecting the proximal aspects of the sca-
phoid and lunate and the proximal portions of the lunate and
triquetrum, respectively (1,11).
Magnetic resonance imaging (MRI) is a useful tool in the
imaging of the wrist, because of its superior soft-tissue contrast
and multiplanar capability. Combining MRI with arthrogra-
phy could potentially increase the accuracy (12).
Combination of the advantages of conventional arthrogra-
phy with the direct visualization of structures on magnetic res-
onance (MR) imaging made magnetic resonance arthrography
(MRA) the preferred modality for imaging patients with inter-
nal derangement of the wrist (13).
1.1. The aim of this study
To assess the diagnostic value of direct MR arthrography com-
pared to conventional MR imaging in the diagnosis of differ-
ent pathologic entities affecting the internal ligaments of the
wrist mainly the scapholunate and lunotriquetral ligaments.
2. Materials and methods
This study included ﬁfty-one patients; (33 males, 18 females)
with ages ranging from 17 to 59 years (mean age 38 years).
Consent was obtained from all patients before doing this
study. All patients were referred to the radiology department
from the outpatient clinic and emergency unit of the orthope-
dic department, between October 2008 and October 2012.
This study was approved by the ethics committee of the
Cairo University.
All patients complained of chronic refractory unexplained
wrist pain, whether post traumatic (30) 58.85%, or non-trau-
matic (21) 41.2%.
All patients were subjected to the following:
 History taking, and clinical provisional diagnosis,
 Radiological investigations:
o Conventional unenhanced MRI.
o X-ray and conventional arthrography ﬁlms.
o MR arthrography.
 Surgical arthroscopy as gold standard was performed for 44
patients. Three patients refused to undergo the procedure,
and four patients improved on medical treatment and
physiotherapy. Two musculoskeletal radiologists assessed the MR images
for internal ligaments lesions before and after contrast
injection, but were unaware of the arthroscopic results.
2.1. Magnetic resonance imaging
MRI was performed using GYROSCAN INTERNA 1.5T
scanner (Philips medical systems, Best, the Netherlands) at
the radiology department.
The patients were scanned in the supine position, with the
arms alongside the body and the dorsum of the hand parallel
to the coronal plane of the magnet. However, 22 patients were
scanned in the prone position with the arm above their head in
the so-called ‘‘Superman’’ position.
A circular coil (C 200) was placed over the wrist joint, and
was secured by rubber bands.
2.1.1. Protocol of MR imaging Table 1
Preliminary scout localizers in axial, coronal and sagittal
planes were done.
N.B.: Additional coronal STIR images were done only in
35 patients.
2.1.2. Direct magnetic resonance arthrography
MRA was performed guided by ﬂuoroscopy, using Omni
Diagnost Multipurpose X-ray system (Philips Medical Sys-
tems, Best, The Netherlands) at the radiology department.
All patients were placed supine, with the forearm at the side
and pronated, using the dorsal approach to inject the contrast
mixture.
The area of interest was prepared and draped in a sterile
fashion using Betadine solution.
The subcutaneous tissue was locally anesthetized, using 4–
5 ml of xylocaine 0.5% solution for injection.
Gadopentetate dimeglumine 0.1 ml was added to 3 ml non-
ionic contrast medium, 5 ml xylocaine, and sterile saline solu-
tion was added to form a mixture of 20 ml.
2.1.2.1. Mid carpal injection. The needle tip (22 gauge) of a
5 cm syringe was advanced through a dorsal approach into
the mid carpal joint compartment at the scaphocapitate space,
and injection was continued until contrast was visualized
within the capitolunate joint space. Single mid carpal injection
was done only in 10 patients, where leakage into the radio car-
pal joint was encountered.
The remaining 41 patients underwent double injection into
the mid carpal, and radio carpal joints.
2.1.2.2. Radiocarpal injection. The needle was advanced
0.5 cm distal to Lister’s tubercle at the dorsum of the radius,
either the needle was volarly angulated 10–15 to avoid
striking the dorsal lip of the radius, or the joint was ﬂexed
over a sponge, and the needle was advanced perpendicular
to the joint.
Three to four milliliters of contrast mixture was injected
into the mid carpal compartment, until the patient felt some
pressure in the joint, then radio carpal injection was done using
4–5 ml or more if communication with the distal radioulnar
joint (DRUJ) was established.
Table 1 Protocol of MR imaging.
TR TE FOV SL Gap Matrix NSA
Coronal T1 (TSE) 500 16 10 2.5 0.3 256 · 516 4
Coronal T2 (TSE) 3046 100 10 2.5 0.3 256 · 516 6
Coronal T2 (3D/FFE) 30 13 10 1.5 0 240 · 512 3
Axial T2 (TSE) 2443 100 10 3 1 256 · 512 4
Sagittal T1 (TSE) 896 24 10 2.5 0.3 256 · 135 1
STIR (TSE) 2380 33 12 2.5 0.3 256 · 192 2
Evaluation of lesions of wrist using MRA 773The patient was transferred to the MRI unit after 30 min
and active exercise of the joint was advised to ensure uniform
dispersion of the contrast.
The same surface coil was used and T1 fat suppression
sequences (TR 550, TE 24, FOV 10, SL 2.5, gap 0.3 MATRIX
256 · 516, NEX 4) in coronal, axial and sagittal planes were
done, also coronal T1 3D FFE was done (TR 25 TE 5 FOV
100, SL 1.5, MATRIX 224 · 516, NSA 2).
2.2. The statistical methods in establishing the results
Data were statistically described in terms of range,
mean ± standard deviation (±SD), frequencies (number of
cases) and percentages when appropriate. Accuracy was repre-
sented using the terms sensitivity, speciﬁcity, +ve predictive
value, ve predictive value, and overall accuracy. All statisti-
cal calculations were done using computer programs Microsoft
Excel 2003 (Microsoft Corporation, NY, USA) and SPSS (Sta-
tistical Package for the Social Science; SPSS Inc., Chicago, IL,
USA) version 15 for Microsoft Windows.
3. Results
3.1. Conventional MRI ﬁndings
The SL (scapho-lunate) ligament was normal in 38 patients
(74.5%), partially torn in 4 patients (7.8%), and completely
torn in 9 patients (17.6%), Fig. 1(A) while the LT (luno-trique-
tral) ligament was normal in 48 patients (94%) Fig. 3(A), and
torn completely in 3 patients (5.9%) (Tables 2 and 3).
Perilunate instability as a result of ligamentous disruption
was found in the form of DISI (dorsal intercalated segmental
instability) in 9 patients (17.6) Fig. 1(C), VISI (volar interca-
lated segmental instability) in 1 patient (2%) Table 4.
3.2. MR arthrography ﬁndings
The SL (scapho-lunate) ligament was normal in 28 patients
(54.9%), partially torn in 11 patients (21.5%) Fig. 2, and com-
pletely torn in 12 patients (23.5%) Fig. 1(B), while the LT
(luno-triquetral) ligament was normal in 35 patients (68.6%),
and completely torn in 14 patients (27.5%) Fig. 3(B), and par-
tially torn in 2 patients (3.9%) Tables 5 and 6.
3.3. Comparative statistical analysis
Comparing the sensitivity of conventional MRI versus MRA
to achieve accurate diagnosis was done by correlating the ﬁnaldiagnosis of each modality with the results of arthroscopy
(Table 7 and Charts from 1–4).
4. Discussion
The anatomy of the wrist is complex and its structures are
small, with ligaments and cartilage measuring in the order of
millimeters, necessitating high-contrast and high-resolution
imaging. In recent years, magnetic resonance imaging (MRI),
and magnetic resonance arthrography (MRA) have greatly
matured and proven efﬁcacious for the diagnosis of internal
derangements of the wrist (14,15).
Magnetic resonance imaging (MRI) is a useful tool in the
imaging of the wrist, because of its superior soft-tissue contrast
and multiplanar capability. Combining MRI with arthrogra-
phy could potentially increase the accuracy (12).
Combination of the advantages of conventional arthrogra-
phy with the direct visualization of structures on magnetic res-
onance (MR) imaging made magnetic resonance arthrography
(MRA) the preferred modality for imaging patients with inter-
nal derangement of the wrist (13).
In our study patients were examined ﬁrst by non enhancing
conventional MRI, followed by MRA, for better delineation
of the internal structures, and accurate diagnosis.
This conformed to Zeev et al. (13) who stated that joint dis-
tension by contrast injection, visualization of contrast leakage,
allows better evaluation of subtle abnormalities such as a par-
tial ligamentous tear or cartilage defects.
Thomas et al. (16) compared conventional MR imaging
with MR arthrography and concluded that the accuracy of
diagnosis can be improved with the addition of an intra artic-
ular injection.
In our study injection was done through a dorsal approach,
starting by the mid carpal compartment, where 10 patients dis-
played active leakage into the radio carpal joint, obviating the
need for additional injection, while the remaining 41 patients
showed no evidence of communication and additional injec-
tion into the radio carpal joint was done under ﬂuoroscopic
guidance.
Schmitt et al. (17) agreed with double injection into the mid
carpal and radio carpal joint compartments, while Suraj et al.
(18) and Lynne et al. (19) agreed that single radio carpal injec-
tion followed by fat suppressed gadolinium sensitive sequences
is sufﬁcient.
Amrami (20) considered the single compartment arthrogra-
phy to be more deﬁnitive and that the interpretation of multi-
compartment injections on the static MRI images obtained
after arthrography is complex, since there is no available
‘‘subtraction’’ technique and it can be difﬁcult to sort out
A 
B C 
Fig. 1 A 24-year-old male patient complaining of chronic ulnar sided wrist pain after direct trauma to the left wrist underwent
conventional MRI. Coronal T2 3D FFE (A) shows a linear bright signal traversing the SL (scapho-lunate) ligament (long arrow). Single
intra articular injection into the mid carpal compartment was performed, with free leakage into the radio carpal joint compartment
through the scapho-lunate interval, followed by MRA. Coronal T1 Fat suppressed T1 WIS (B) revealed a linear band of contrast seen
traversing the scapholunate (SL) ligament (long arrow) denoting its tear. Sagittal fat suppressed T1 WIS (C) revealed DISI (dorsal
intercalated segmental instability) of the lunate bone (curved arrow).
774 H.A. Kamal et al.which ligaments are completely or partially torn and what the
direction of contrast ﬂow has been.
Amrami preferred a single compartment injection planned
with the referring surgeon, performing a single injection in
the most clinically relevant compartment and then adding
additional injections if a tear is not seen on the conventional
arthrogram preceding MRI examination.
In the present study the internal ligaments; SLL (scapho-
lunate) and LTL (luno-triquetral) were evaluated and their
tears were classiﬁed as being partial or complete, depending
upon the extension of the signal abnormalities in the non
enhanced MRI, or the delineation by contrast on MRA, we
found the SLL was partially torn in four patients, completely
torn in nine patients, with widening of the scapho-lunate inter-
val, at standard MRI, while on MRA it was partially torn in
11 patients, while completely torn in 12 patients.
Also the LTL was torn completely in three patients on stan-
dard MRI, while MRA displayed partial tears in two patients,
and complete tear in 14 patients. Four out of these 14 patientsshowed concomitant TFC perforation as part of the ulno-
lunate impaction syndrome.
This agreed with Khoury et al. (14) where they categorized
ligament tears into complete tears which appear as distinct
areas of ligament discontinuity, morphological distortion, or
rarely as non-visualization of the ligament. Partial tears appear
as focal thinning, irregularity, or high signal in one portion of
the ligament. The interosseous ligaments should be of homoge-
neous low signal on spin-echo images, but they may have a
more variable signal on gradient-recalled echo (GRE)
sequences. This heterogeneous signal may be mistaken for a
tear and likely largely accounts for the poor accuracy of MR
in the diagnosis of SLL and LTL tears.
Also our study was in accord with Zeev et al. (13), who con-
ducted their study on 31 patients, and they also categorized the
ligamentous tears into partial and complete. Tears of the SLL
were found in 11 patients. Two were complete tears with wid-
ening of the scapholunate interval, and eight partial tears.
Tears of the LTL were found in seven patients.
Evaluation of lesions of wrist using MRA 775We also agreed with Thomas et al. (16), where they catego-
rized ligamentous tears into partial and complete.
In our study regarding complete SLL tears, MRI (corre-
lated with arthroscopy) revealed a SEN, SPE and ACC of
61.54%, 96.77%, and 86.36%, while MRA (correlated with
arthroscopy) showed a SEN, SPE and ACC of 92.31%,
100%, and 97.73% respectively.Fig. 2 A 40-year-old male patient complaining of pain of the
right wrist following a history of direct trauma underwent
conventional MRI which revealed normal internal ligaments.
Intra articular injection into both mid carpal and radio-carpal
joint compartments was performed, followed by MRA. Coronal
T1 Fat suppressed image shows bright contrast signal traversing
the SL (scapho-lunate) ligament suggesting a partial tear.
A B 
Fig. 3 A 50-year-old Male patient complaining of chronic ulnar sid
conventional MRI. Coronal T2 3D FFE (A) revealed: subchondral cy
(thin straight arrows). Intra articular injection of contrast into the
followed by MRA. Coronal T1 3D FFE MR arthrographic images reRegarding partial SLL tears, un-enhanced MRI revealed
SEN, SPE and ACC of 10%, 94.12%, and 75%, while MRA
showed 66.67%, 85.71%, and 81.82% respectively.
Also in our study regarding complete LTL tears un-
enhanced MRI revealed a SEN, SPE, and ACC of 25%,
100%, and 79.5% respectively, while MRA showed 91.67%,
100%, and 97.73% respectively. As for partial LTL tears no
adequate number of cases was detected in our study to allow
satisfactory statistical analysis.
Our study coincided with Thomas et al. (16), regarding the
SPE of un-enhanced MRI in the detection of complete SLL
tears, showing values in the range of 72–94%, while they dis-
agreed at the sensitivity, where their study revealed a sensitiv-
ity of 65–90%, which is slightly higher than ours. Also in our
study the results of MRA regarding SLL tears were in har-
mony with those reached by Thomas et al. (16) who displayed
a SEN, and SPE, of 96–100%, and 77–97% respectively.
We also conformed to Schmid et al. (21) and Braun et al.
(22) who displayed sensitivity and speciﬁcity regarding SLL
tears at MRA around (92% and 100%), and (83% and
96%) respectively.
Khoury et al. (14) stated that generally, the sensitivity for
the detection of SLL tears was found to be superior to that
of LTL tears, which agrees with our results.
In the study conducted by Thomas et al. (16), regarding
tears of the LTL, they showed higher values than ours regard-
ing the sensitivity of un-enhanced MRI (96%), and MRA
(96%) in diagnosing these tears, while our study showed higher
speciﬁcity (100%) regarding both modalities in detecting LTL
tears.
Braun et al. (2) concluded that MRA is of almost equal
value when compared with diagnostic arthroscopy in detecting
complete defects of SLL and LTL ligaments and has the poten-
tial to replace it, while they stated that MRA does not reliably
detect partial tears of the LTL, which is in harmony with the
results of our study.ed right wrist pain, with no history of direct trauma underwent
stic and sclerotic changes at the proximal pole of the lunate bone
mid carpal and radio carpal compartments was performed, and
vealed: Torn LT (luno-triqueteral) ligament (thin straight arrow).
Table 2 Shows the frequency and percentage of the SL
ligament tear in the study population.
Frequency Percentage
No tear 38 74.5
Complete tear 9 17.6
Partial tear 4 7.8
Total 51 100.0
Table 3 Shows the frequency and percentage of the LT
ligament tear in the study population.
Frequency Percentage
No tear 48 94
Complete tear 3 5.9
Total 51 100.0
Table 4 Shows the frequency and percentage of perilunate
instability in the study population.
Frequency Percentage
DISI 9 17.6
VISI 1 2.0
No instability 41 80.4
Total 51 100.0
Table 5 Shows the frequency and percentage of SL ligament
in the study population.
Frequency Percentage
No tear 28 54.9
Complete tear 12 23.5
Partial tear 11 21.5
Total 51 100.0
Table 6 Shows the frequency and percentage of LT ligament
lesions in the study population.
Frequency Percentage
No tear 35 68.6
Complete tear 14 27.5
Partial tear 2 3.9
Total 51 100.0
Table 7 shows a comparison between the sensitivity, speciﬁcity and accuracy of MRA and MRI regarding ligamentous lesions
correlated with the arthroscopic ﬁndings.
MRA MRI
Sensitivity (%) Speciﬁcity (%) Accuracy (%) Sensitivity (%) Speciﬁcity (%) Accuracy (%)
SL complete tear 92.3 100 97.7 61.54 96.77 86.3
SL partial tear 66.6 85.7 81.8 10.00 94.12 75
LT complete tear 91.6 100 97.7 25.00 100.00 79.55
LT partial tear 33.3 97.5 93.1 0.00 100.00 93.1
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Chart 1 Column chart demonstrating the SEN and SPE of
MRA versus MRI regarding SL partial tear.
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Chart 3 column chart demonstrating the SEN and SPE of MRA
versus MRI regarding LT partial tear.
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Chart 4 column chart demonstrating the SEN and SPE of MRA
versus MRI regarding LT complete tear.
Evaluation of lesions of wrist using MRA 777In the present study despite the relatively large number of
cases with inter carpal ligamentous complete tears; 12 patients
with SLL, and 11 patients with LTL, the number of cases with
peri-lunate instability was disproportionate to the fore men-
tioned ﬁgures; nine cases with DISI (dorsal intercalated seg-
mental instability), and one case with VISI (volar
intercalated segmental instability), conveying the fact that
complete tears of the inter carpal ligaments do not necessarily
lead to peri-lunate instability.
This coincided with the study performed by Theumann
et al. (23), who stated that partial tears of the intrinsic or
extrinsic ligaments may not affect the integrity of the joint sup-
port structures and thus are associated with a decreased prob-
ability of the development of carpal instability. Berger (1)
however, postulated that carpal instability results from com-
plete tears. This theory was challenged by Theumann et al.
(23) study in which 14 out of 28 patients with at least one com-
plete intrinsic lesion had no sign of carpal instability. In this
study, the carpal instability depicted on radiographs seemed
to be related to the association between intrinsic and extrinsic
ligament tears (even partial ones) rather than to the presence of
intrinsic ligament tears alone, even when the tears were com-
plete. This conclusion was supported by another study per-
formed by Mitsuyasu et al. (24), which indicated that
extrinsic as well as intrinsic ligaments need to be abnormal
to lead to intercarpal instability.
Limitations in this study included; a few numbers of
patients (seven) were excluded from the ﬁnal comparative sta-
tistical analysis due to their lack of arthroscopic correlation.
Additionally the time between MR imaging and arthroscopic
surgery was not immediate (mean, 2.5 months; range, 1 week
to 6 months). This may have been a potential cause of error
as patients could theoretically have injuries that occurred dur-
ing the interval; however, we consider this to be minimal.
We believe that direct MR arthrographic imaging is well
suited for detecting intra-articular lesions of the wrist. The pre-
sented diagnostic results of MR arthrography are superior to
the results of un-enhanced MRI. Direct MR arthrography as
a reliable diagnostic tool is strongly recommended if lesions
of the scapholunate ligament and the triangular ﬁbrocartilage
complex are suspected (13).
MR arthrography cannot replace arthroscopy; however, it
could be a potent additional tool for wrist imaging. It can facil-
itate the diagnosis and the indication for surgery of the wrist
and help to reduce arthroscopic interventions for purelydiagnostic purposes and without any therapeutic consequences
(14).
5. Conclusion
We believe that direct MR arthrographic imaging is well suited
for detecting intra-articular lesions of the wrist. The presented
diagnostic results of MR arthrography are superior to the
results of un-enhanced MRI. Direct MR arthrography as a
reliable diagnostic tool is strongly recommended if lesions of
the internal ligaments are suspected.
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